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@ Magnetic resonance needle. 

@ An implement such as a biopsy needle (1 0) is fonned of an 
Soy which has at least 35<Vb and preferably about 49«Vb nld<el 
content. When the alloy is used to form a needle the high nicl<el 
content of the allow creates an artifact of a size to provide a 
sufficient needle image for localisation without obscuring the 
underlying anatomy. 
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Description 



MAGNEnC RESOMANCE NEEDLE 



BACKGROUND OF THE INVENTION 5 

The present Invention relates to Magnetic Reson- 
ance (MR) Compatible Products, and more particu- 
larly, to a biopsy needle wtiich Is MR compatible. 

Magnetic Resonance Imaging (MRl) is a non-inva- io 
sive method of mapping and examining the internal 
structure cf the body. It avoids the use of ionizing 
radiation which is used in some other non-invasive 
mapping methods. MRl uses radio frequer>cy radia- 
tion In the presence of a controlled magnetic field to 15 
produce high quafity cross-sectional images of the 
body. Cunrently, most MRl is high-resolution, thin- 
section imaging. 

Because of the strong magnetic field used with 
MRl. substances placed therein, depending upon 20 
their own magnetic properties, can be affected or 
can affect the field or the Image produced. If a 
substance is placed In a magnetic field, irKiuced 
magnetization in the substance is added to that 
applied field. The ratio of irnluced magnetism to that 2S 
of the applied field is termed magnetic susceptibility. 

Most materials have negative susceptibility and 
are not magnetically very active. Some materials, on 
the other hand, are magnetically active. For example, 
param^netic, superparamagnetic, and fen'omag- 30 
netic substances, characterized tiy the predominant 
effect of unpaired electron spins, have positive 
susceptitMlities. in materials as complex as biological 
tissues, a range of magnetic susceptibilities Is 
found. The spread in magnetization through the 3? 
tissue causes a number of MR relaxation phe- 
nomena. 

One problem that can occur in MRl with materials 
liaving positive susceptibilities is the creation of 
artifacts which can cause severe degradation, or 40 
other, more subtie effects that can lead to misinter- 
pretation of the MR image. Another problem that 
occurs with such material is defiection in the 
magnetic field. 

Needle aspiration biopsy is a safe, reliable tech- 45 
nique for evaluation of various masses. In order to 
more efficiently perform a needle aspiration biopsy 
an imaging technique is used to guide the aspiration 
biopsy needle to the comect position. It is known in 
the art to use biopsy needles In conjunction with 50 
computerized tomography (CT). The CT scan allows 
the person performing the procedure to direct and 
guide the biopsy needle. 

Although MRl is a safe and well accepted imaging 
technique, it has not been considered appropriate 55 
for guided biopsies. Conventional biopsy needles, 
whi<^ have positive susceptibilities, are not MR 
compatible because of interactions between the 
needle and the magnetic field. As aforementioned, 
artifacts are created by these conventional neecHes. 60 
These artifacts can obscure anatomic detail or 
prevent needle tip localization. 

It has been found in the prior art that when 



conventional needles are usd with magnetic reson- 
ance the size of the artifact formed makes the 
needle tip took bigger than It actually is. Thus, while It 
may be easier to locate the needle tip on the image, 
the large size of the artlfect makes exact tocation of 
the tip difficult, and furtiier. such large artifact 
obscures underlying anatomy. Additionally, due to 
defiection in the magnetic fiekl, conventional need- 
les may move in the magnetic field which is 
potentially dangerous. 

Most standard medical aspiration needles are 
made of stainless steel alloys which include chrome 
and nickel. It is known In the art tfiat when nickel 
containing needles are used in connection with MR 
imaging the artifacts produced are inversely propor- 
tional In size to the percentage of nickel In the 
needle. It has been conventional technique to locate 
the needle Itself by visualizing the needle tip image 
and thus, although It has t>een desired to avoki large 
artifact, it has also been considered desirable to 
avoid too small an artifact because it was felt tiiat too 
small an artifact would not provide sufficient visibility 
in the MR image. Thus, in a 1986 study by J.T. 
Fenruci. P.R. Mueller. D.D. Stark. J. Wittenberg, J.F. 
Simone, R.J. Butch, and P. Beaulieu entitied 'A 
Non-Ferromagnetic Needle for MR Guided Aspira- 
tion Biopsy: Design and Clintoai Trials' Abstract-So- 
ciety of Magnetic Resonance In Medtoine Vd. 4, 
8/22/86 it was found that a needle having 9<Vb nickel 
content gave excessive artifact while a needle with 
35^ nickel gave no artifact. Mueller et al selected a 
needle with 12^^ nickel for further Investigation. 

Image degrading artifacts and deflection are 
created by ferromagnetic objects other than need- 
les. Examples of such objects are surgical clips, 
infusion sets, wires, drains, electrodes and staples. 

Depending on the quality, shape and magnetic 
susceptibility of the various objects used with MR, 
image distortion and movement in the nriagnetk; field 
may occur. For example, the deflection that occurs 
with conventional stainless steel winged infusion 
sets could present a problem for a patient in the MR 
environment. Situations where winged infusion sets 
are used often involve precarious placement of VhB 
needle in a vessel where magnetic field induced 
motion could dislodge the needle tip or result in 
infiltration. 

Accordingly, it is an object of the present 
invention to provide an implement which can be 
used in conjunction with magnetic resonance. 

It is a further object of this invention to provide 
such an implement which is MR compatible and 
which does not create MR image degrading arti- 
facts. 

Yet a further object of this invention is to provide 
such an implement which will minimize the force of 
deflection in a magnetic fiekl and whteh will not move 
in the magnetic field. 

It is yet a further objective of this Invention to 
provide an aspiration biopsy needle which produces 
appropriate artifact such as to altow needle localiza- 
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lion without obscuring underlying anatomy. 



BRIEF DESCRIPTION 

In one embodiment of the invention, an aspiration' 
biopsy needle for use with magnetic resonance is 
provided. The needle is formed of an alloy which 
Includes about forty-nine percent (49<Vb) by weight 
nickel; between 15.00 - 17.00iVb by weight molyt>de- 
num; between 14.50 -16£0Qb chromium; between 
4.00 - 7XXm iron; and between 3.00 - AJSO^ tung- 
sten. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is an enlarged sectional view of an 
aspiration biopsy needle made in accordance 
with the teachings of the ^nnesent inventioa 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings and more partfcu- 
larly to Rg. 1, the reference numeral 10 denotes an 
aspiration biopsy needle. Needle 10 includes a tip 12 
and a tubular body 14. Tubular body 14 has an outer 
wall 14a and an inner wall 14b which together define 
an interior channel 14c. 

Biopsy needle 10 Is designed to be used with high 
resolution MR scanners from 0.02 to 2.0 Tesia, such 
as the 0.3 Tesla MR Scanner, fonar B-3000M, made 
by Fonar Corporation of MeMlle, New Yorlc. 

Biopsy needle Is made from alloy C-276. (available 
from Superior Tube in Collegeville, Pennsylvania). 
Alloy C-276 is a high-temperature strength alloy with 
the following preferred weight percentage composi- 
tion: about 49«Vb niclcel; about 15.00 - 17.000A) mo- 
lybdenum; atxHit 14^-16.50(^0 chromium; at>out 
4.00 - 7.00% iron; about 3.00 - 4.50«Vb tungsten; up 
to alXKit .08<Vb carbon; up to about I.000/0 magne- 
sium; up to about 1.00<Vb silicon; up to atx>ut 2.50<Vb 
cobalt The high niclcel content of the alloy is 
believed to provide needle 10 with its MR compati- 
bility. Needle 10 fonned of alloy C-276 provides 
sufficient artifact to allow localization of a needle in 
the MR image. 

In many instances, for example, wtien head or 
neck lesions are to be biopsied, thin section imaging 
is needed. When sections are thin and lesions are 
small, artifacts from standard biopsy needles distort 
the image so severely tt^t accurate localization and 
needle placement cannot be made. Further, new 
field echo imaging techniques with narrow flip angles 
tend to accentuate magnetic susceptibility artifacts 
of all needle types due to increased T2* sensitivity of 
gradient refocusing techniques. 

The nickel content of needle 10 provides less 
artifact on both spin echo and gradient echo 
sequences which is ideal for MR-guided aspiration 
cytology of head and neck lesions using high 
resolution, thin section images. Alk>y C-276 provides 



sufficient artifact for localization without obscuring 
underlying anatomy. 

Experiments performed with needles such as 
needle 10, which contains 49<Vb nickel, have resulted 
5 in clear images with good needle visualization. In one 
experiment the needle was suspended in a phantom 
made of 2.5 mM nickel chloride solution for imaging. 
The MR scans were performed on the 0.3 Tesla MR 
Scanner, Fonar Beta 3000 whole body imager 

10 available from Fonar Corporation of Melville. New 
York, as well as on 0.5 Tesla and 1.5 Tesla 
instruments available from the Picker Corporation of 
Highland Heights, Ohio. With one signal excitation 
on a 256 x 256 matrix* two dimensional Fourier 

IS transformation (2E>-FT) Images were obtained. Reld- 
echo sequences using a reduced flip angle of 30*" 
and a standard spin-echo sequences were em- 
pk>yed with an echo time (TE) of 14 milll-seoonds 
and a repetition time (TR) of 400 milli-seconds. 

20 Similar experiments were done with needles 
having 12<Vb ntokel and nickel. The needle having 
90^ riickel content produced artifacts whtoh tended 
to obscure accurate needle tip localization. The 
needle having ^2f¥a nickisi content, although prckjuc- 

^ Ing less artifact than the W6 nickel needle, still 
produced artifacts that tended to obscure the 
needle tip. With both of these needles, the artifacts 
were Increased on the field-echo sequences relative 
to spin-echo sequences. The needle with AQO/o 

30 nickel, on both spin-echo and field echo sequences 
produced fewer artifacts. With that needle, the 
needle tip was not obscured, surprisingly enough 
artifact was present to allow tip visualization. 
In a second study, five different alloys with 

35 concentrations of nickel ranging from 9-73<Vb were 
studied. The chromium concentratton in all the alloys 
was approximately 20(Vb. The alloys were tn tube 
form. Ail scans were done using the aforementioned 
Fonar or Pteker scanners. Each sample was imaged 

40 both with a spin echo (SE/300/30) sequer>ce and a 
field echo (FE/300/201 90°) sequence. Slices were 5 
mm thick with a field view of 25.6cm. It was found 
that in all cases the distortions produced in field 
echo image were greater than in the corresponding 

45 spin echo image. A dramatic reduction In artifact 
occurred when the nickel concentration was irv- 
creased from 9<Vb to 35<^. The magnitude of the 
artifact progressively decreased as the ntokel con- 
centration increased, however, it was difficult to 

50 discern any artifact difference when the higher nickel 
concentrations (60(Vb-73iVb) were compared. 

The increased nickel content of needle 10 results 
in reduced artifact in part because the nickel 
reduces the fenromagnetic properties of the Iron in 

55 the alloy. The reduced ferromagnetic properties of 
the iron in the alloy reduce its magnetic susceptibility 
so that it is closer to the magnetic susceptibility of 
the surrounding tissue. 
Abrupt local changes in induced magnetic field 

60 susceptibility result in magnetic field Inhomogene- 
itles which interfere with gradient fields used in 
Imaging. The result is tocal geometric image distor- 
tions oriented atong the read gradient. Alterations In 
image intensity also occur with a similar orientation. 

65 A combination of these geometric brightness distor- 
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tions can completely ofc>scure underlying anatomy 
and pathology. The increased nickel content re- 
duces these effects. 

The lack of the 180^ refocusing pulse allowing an 
extremely short TE and TR with gradient refocusing 
techniques also means that the Imaging sequences 
are generally much more sensitive to magnetic 
Inhomogeneities and susceptit)ility differences. 
Therefore, the ms^pietic suscepUbail^ artifacts pro- 
duced by sdl the needles are accentuated by using 
gradient refocusing technk^ues. Because of the high 
speed of field-echo bmaglng, this techraque is useful 
for MR-gukled bbpsies. Thus, MR needles arKi 
other devrces with minimal differences in suscept^ 
bility are especially valuable. The overall trend 
toward higher resolution, thinner section imaging 
nmkes needles and other devtees with smaller 
artifacts Increasingly Important for MR Imaging and 
biopsies throughout the body. 

Although the particular dimensk>ns and tip of the 
btopsy needle i^ed will be a function of where the 
lesion to be bk>psied is, one embodiment of the 
needle of the present Invention uses a Chft>a tip. The 
needle is a 22 gauge needle. 5 -20 centimeters long, 
having an outer diameter of about centimeters, 
a waB thickness of about 0.010 centimeters, and an 
Inner diameter of about 0.0508 centimeters. The 
degree of needle tip bevel level, anneaTing, or length 
has no significant effect on image artifacts. A 
minimal increase in artifacts occur when needle 
diameter is increased. 

A needle such as needle 10 may be used with 
winged infusion sets. Winged infusion sets can be 
used during MRI and increasingly more patients are 
being sent for MR examinations with winged Infusion 
sets in place. 

Studies have been made in the imsence of MR 
comparing a winged infusion set employing a 
standard stainless steel needle to a winged infusing 
set employing a needle formed of aitoy C-276. The 
contrasted needles differed in gauge but were of 
similar length and configuratk>n. 

Imaging studies were performed on a 0.3 Tesia 
hybrid MR unit (Fonar Beta 3000M, Melville, New 
York) and superconducting MR units at 0.5 and 1.5 
TesIa (Vista, Picker Corporation, Highland Heights, 
Ohio). Standard spin-echo as well as gradient echo 
images were used on all instruments. 

In one experiment, the infusk>n set needle was 
suspended by a thread using a known technique. 
The amount of deflection was recorded as the 
needle was moved to various distances from the 
magnet bore of the MR instruments. The deflection 
force was calculated. In another experiment tiie 
infusion sets were attached to a volunteer and 
imaged using the 0.3 TesIa MR instrument. Spin- 
echo (SE/500/30) and field echo (FE/100/10/20) 
pulse sequences were obtained through the needle 
and image quality was compared. 

With the standard stainless steel needle infusion 
set. the force of deflection increased with proximity 
to the magnet for a given fiekl strength. This 
phenomenon also increased with increasing fieki 
strength. However, with the infusion set employing a 
needle formed of alloy C-276, no measurable 



deflection from any distance or any field strength 
was measured. The deflection that occurs in MRI 
instruments with conventior)al stainless steel winged 
infustori needles could present a problem for the 

5 patient In ttie MR environment. Situations where 
winged infusion set are used often involve precari- 
ous placement of the needle in a vessel wtiere 
magnetic field induced motion could dislodge the 
needle tip or result in infiltration. 

10 The studies done on the infusion set needle also 
involved conriparisons of the artifact produced by the 
standard stainless steel needle and the needle of 
alloy C-276. The results of these studies were similar 
to those done with the guided aspiration btopsy 

15 needle. While significant artifacts were present In the 
spin echo images for the stainless steel infusion set 
at 0.3 Tesla and while said artifact was even more 
pronounced on the fieki echo images, images 
obtained with infusion set 100 showed no signifk;ant 

20 artifact on the spin echo or fiekl sequences. 

The use of the Inventive MR compatible infusion 
set greatly reduces or eliminates deflectk>n effects 
in the rtiagnetic field and Is thus vakiable in such 
situations requiring winged Infusion devices in the 

25 MR scanning environment 

Other implements formed of altoy C-276 may be 
useful when MR imaging Is performed. As the use of 
MR imaging expands, use of MRI compatable 
devices will also become more important 

30 

Claims 

1. An implement to be used with high 
35 resolution magnetic resonance imaging which 

Is formed of an alloy containing ntekel, charac- 
terised in that the alloy comprises at least 35^%^ 
nickel by weight. 

2. An Implement as cteumed in claim 1 
40 characterised In ttiat It is an aspiration biopsy 

needle. 

3. An implement as claimed in claim 1 or 
claim 2 characterised in that the alloy comprises 
at least 49(Vb nk^el by weight. 

45 4. An implement as claimed in any one of the 

preceding claims characterised in that the alloy 
consists essential of : atKHJt 48^ by weight 
nickel; about 15.00 - 17.00P/b by weight mo- 
lybdenum; about 14.50 - 16.50^Vb by weight 

50 chromium; about 4.00 - 7.00Q/b by weight Iron; 

about 3.00-4.50<Vb by weight tungsten; up to 
about O.O8CM1 by weight cart)on; up to about 
LOOiVb by weight magnesium; up to about 
1.00<Vb by weight silicon; up to about 2.501^ by 

55 weight cobalt. 
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